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ABSTRACT 



A computer system employs a thermal sensor in the main 
CPU housing to detect operating temperature. If a prese- 
lected trip point is reached indicating that overheating may 
be about to occur, the system goes into an orderly shutdown 
mode. A standby mode uses a low-power service processor 
which continues to operate even when the main unit is shut 
down. The service processor has limited functions, including 
detecting temperature within the main housing, and com- 
municating by a network with a system administrator unit 
and reporting on the temperature in the main housing, and on 
the operating status of the main unit. A mechanism is 
provided to prevent the main processor unit from being 
unnecessarily shut down when the operating temperature is 
near but not beyond the trip point, as may occur due to 
variations in the power supply voltage and the voltage - 
dependence of the thermal sensor. This mechanism employs 
voltage stabilization of the supply for the thermal sensor 
when the computer is in its standard operating mode and the 
power supply for the main processor unit is running. Here 
the sensor is supplied from a precision voltage reference of 
a high degree of accuracy. However, when entering the 
standby mode, the main power supply is shut down, and so 
the thermal sensor is then operating from an auxiUary 
vohage source that is not stabilized. A simple isolating 
circuit allows one sensor to be used in both operating 
conditions, using one or the other of the power supplies. 
Since the trip point is much less important in the standby 
mode, there is no problem caused by the lack of precision in 
the voltage source. 

11 Claims, 2 Drawing Sheets 
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COMPUTER SYSTEM HAVING THERMAL housing to detect the operating temperature^ so that if a 

SENSING WITH DUAL VOLTAGE SOURCES preselected trip point is reached which indicates that over- 

FOR SENSOR STABILIZATION heating may be about to occur, the system caii go intp an 

orderly shutdown mode. An orderly shutdown is most pref- 
BACKGROUND OF THE INVENTION s erable to avoid loss of data and to faciliute restart. The 

„ . . . 1 . . . . u • system has a standby mode wherein an auxiliary or service 

This mvention relates to a computer system having a , l .u ■ 

, . J : ,1 processor continues to operate even when the mam process- 
thermal sensor to detect overheating and to allow system f -^uu u.j i-i. 

. - .1 J-:- J mg unit has been shut down. The service processor con- 

shutdown before unstable operating conditions occur .and J^^^ ^^^^ ^ proces«,r, 

more particularly to such a system wherem a dua voltage jj^.^^j ^^^^^ ^^.^^ .^^j^^^ ,^ ^^j^^, 

source IS used to provide stabilization of a thermal sensor. . ^ , -^u- *u ■ i. • j * „^ 

^ the temperature within the main housing, and to send 

Computer systems use thermal sensors mounted in the messages to and receive messages from a system adminis- 

CPU housing to determine when the system is operating ^^^^^j. ^hjch would usually be located away from this 

outside its specified range. Usually these thermal sensors system housing. These messages include the temperature in 

have a circuit which establishes a^ippoint at which an the housing, the operating status of the main processor unit, 

interrupt is signalled to the operating system of the CPU to ^ mechanism is provided to prevent the main processor 

take appropriate action, e.g., to begin an orderly shutdown of ^^^^ ^^^^ ^^^^ unnecessarily shut down when the operating 

the system when a certain temperature is reached. In this temperature is near but not beyond the trip point, as may 

manner, all files can be closed, data wriUen to permanent ^^^j. variations in the power supply voltage and the 

storage (hard disk), and any pending tasks or applications voltage-dependence of the thermal sensor. The mechanism 

properly closed. A lower set point may merely generate a employs voltage stabihzation of the supply for the thermal 

message to a system administrator to indicate that overheat- ^^^^j. ^^^^ standard operating mode and the power 

ing is approaching so that action can be taken. In any event, ^^^^^y for the main processor unit is running. Here the 

the set points or trip points must be closely controlled so that ^^^^^ ^ supplied from a precision voltage reference of a 

unnecessary overheating conditions are not signalled. jj-^j^ ^^^^^ accuracy. However, when entering the 

Commercially-available, relatively inexpensive, thermal standby mode, the main power supply must be shut down so 

sensors are characterized in that the outputs vary in response as to allow the system to cool, and so the thermal sensor is 

to supply voltage (or current) as well as with temperature. then operating from an auxiliary voltage source that is not 

The result of this voltage sensitivity is that the thermal stabilized. A simple isolating circuit allows one sensor to be 
sensor circuitry can report overheating when the actual 30 used in both operating conditions, using one or the other of 

temperature is within tolerable limits. This causes unneces- the power supplies. Since the criticahty of the trip point is 

sary shutdown of the system, and as a consequence the much less important in the standby mode, there is no 

maintenance cost and system downtime are needlessly problem in the lack of precision in the voltage source. A 

affected. mechanism for responding to overheating in the computer is 

In one example, a computer system may specify the 35 thus provided which has two different levels of precision 

power supply as producing operating voltages for the com- depending upon the mode of operation, 
puter that are at nominal levels such as 5V or 12V, but these 

may vary +/-5% and still be within operating tolerance. But BRIEF DESCRIPTION OF THE DRAWINGS 

if the temperature inside the CPU housing is specified to be -phe novel features beMeved characteristic of the invention 

a maximum of 70° C, and if the thermal sensor which is 40 ^^^^^ ^j^^ appended claims. The invention itself 

used has an output that varies with voltage supply level, then however, as well as further objects and advantages thereof, 

the overheating shutdown may be tripped at 66.5° CHiis is ^^ij t^^st be understood by reference to the foUowing 

unnecessary and wasteful, since the computer system may detailed description of an illustrative embodiment, when 

be able to operate continuously at a high performance level jg^d in conjunction with the accompanying drawings, 
at this temperature, with no unwanted effects. 45 Y^^erein: 

SUMMARY OF THE INVENTION F^^- 1 is an electrical diagram in block form of a 

computer system constructed using features of one embodi- 

It is therefore one object of the present invention to present invention; and 

provide an improved thermal sensing method for a computer ^ is an electrical schematic diagram of a thermal 

system or t e e. sensor circuit used in the system of FIG. 1 according to an 

It is another object of the present mvention to provide embodiment of the invention, 
improved stabilization of a thermal sensor used in a com- 
puter system. DETAILED DESCRIPTION OF PREFERRED 
It is a further object of the present invention to provide an EMBODIMENT 

improved method of stabUizing the trip points of a shutdown Referring to FIG. 1, a computer system 10 isshown which 

mechanism responsive to overheatmg in a computer system ^^^^^^ ^ ^^^^^ ^^^^ ^-^^ ^^^j ^^j^^^^ ^^^^^^ 

or the like. thermal sensor stabilization arrangement of the invention. 

An additional object is to provide an improved mecha- jhis system 10 has a main processor unit which contains a 

nism for responding to overheating in a computer system or Qpyj ^^^^^ ^ ^^^^ memory 13, and a number of hard 

the like, particularly a mechanism which has varying levels ^^^^ ^s well as other I/O equipment such as 

of precision depending upon the mode of operation. CD-ROM drives, tape drives, etc., connected by a system 

The above as well as additional objects, features, and bus 15. The CPU board 12 may contain a number of 

advantages of the present invention will become apparent in processors. Typically, this is a high level, high performance 
the following detailed written description. 55 unit that is used as a server or the like, rather than as a 

According to one embodiment of the invention, a com- standalone desktop or personal computer. The processor unit 

puter system has a thermal sensor moimted in the main CPU 11 is connected by a network adapter 16 to a communication 
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path 17 for coupling lo other resources on the network. A 
system administrator unit 18 is on the network to monitor 
and control the resources, including the unit 11. 

A main power supply 20 is usually located within the 
housing of the system 10 to supply operating voltages to the 5 
processor unit U including its multiple microprocessor 
chips and the I/O equipment. This is a regulated supply 
usually having outputs 21 of 5 V, 12V, 24V, etc. An auxiliary 
power supply 22 is included, producing only a 5 V output 23 
at a low current level. ^0 

A service processor 25 is included in the system 10 and is 
operative only for a limited number of functions, including 
monitoring the temperature in the housing of system 10 and 
the operating condition (e.g., standby mode, fully 
operational, etc.) of the main processor board 12. This 
service processor 25 is capable of sending messages to and 
receiving messages from the system administrator 18 via the 
network adapter 16 in the system 10 and the network path 
17. An important feature is that the service processor 25 is 
operated from a different power supply output, particularly 
it receives power from the output 23 of the power supply. In 
a typical scenario, the main processor board 12 may be 
placed in standby mode due to overheating (in response to 
the thermal sensing to be described), and the service pro- 
cessor 25 monitors the status and temperature of the main 
processor 12 and reports it to the system administrator 18 
during this standby mode. At some point, after the main 
processor has cooled, the system administrator may signal 
the service processor to restart the main processor perhaps 
at a lower performance level, shutting off some resources) to 
see if the system will now operate in an acceptable tem- 
perature range. 

According to the invention, a thermal sensing unit 26 is 
located in the main processor unit 11, preferably near the 
CPU board 12 since this is the most temperature-sensitive 
part of the system. The thermal sensing unit 26 is shown in 
more detail in FIG. 2. A thermistor 27 is mounted in a 
position to be responsive to temperature in the housing of the 
computer system, and functions to change resistance linearly 
with temperature, so a voltage level at a node 28 in series 
with the thermistor and a constant current element 29 will ^ 
provide an input to an opamp 30, The other input to the , 
op amp is a voltage level derived from a voltage supply line 
31, via a pair of resistors 32. Feedback from the output of the 
opamp is also supplied via a resistor 33 to this input node 34. 
The assembly of the opamp, the constant current source, the 
thermistor 27, and the biasing resistors 32 is a commercially- 
available unit sold by Analog Devices, Inc. as part number 
AD22100. The output 35 of the opamp 30 is applied to an 
A-to-D converter 36, which produces a digital output used 
by logic 37 to generate an interrupt on line 38 going to the 
CPU board 12, an also generating a value sent to the 
atixiliary processor 25 via line 39. 

The voltage level at node 28 which causes an interrupt to 55 
be signalled to the CPU via output line 38 by the circuit of 
FIG. 2 is dependent, unfortunately, on the voltage level on 
the supply line 31. The resistance of the thermistor 27 is 
quite precisely linear with temperature, but the voltage level 
at node 34 is of course responsive to the voltage on line 31. 

An important feature of the invention is the use of dual 
voltage sources and a stabilization circuit for the thermal 
sensor of FIG. 2. During normal operation, a voltage input 
40 is obtained from one of the outputs 21 of the main power 
supply 20, in this case a 12V level. This is a regulated 65 
voltage, but still it may vary +/-5%, perhaps, and still be 
within specifications. Accordingly, a voltage blocking 



device 41 is placed in series with the supply line, and a zener 
diode reference device 42 is placed across the thermistor 
circuit; this combination, along with resistor 43, maintains a 
voltage on line 31 that is stabilized at 5V within +/-0.1% 
Thus, the trip point for sending an intermpt to the CPU for 
overheating condition is at precisely the desired level, rather 
than being dependent upon the power supply output voltage 
level. The reference device 42 may be of the type available 
from National Semiconductor Corp. as part number 
LM4O40, and the voltage blocking device 41 is of the type 
available from Philips Semiconductors as BAT54 series 
Schottky barrier diodes. Since the 12V output from the main 
power supply will go off when the system goes to the 
standby mode, a separate 5V supply is obtained from line 23 
from the auxiliary power supply 22, lo provide a voltage to 
the line 31 during standby; this separate path uses a voltage 
blocking device 44 which may be part of a dual BAr54 
Schottky diode device. Schottky devices are used as these 
have a low forward drop; the function of the two blocking 
devices 41 and 44 is to isolate the line 31 from the power 
supply outputs for reverse currents. Thtis, a temperature 
reading is still obtained to send information to the service 
processor 25 via line 39, but this need not be at such a 
precise trip level. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment, it will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein without departing 
from the spirit and scope of the invention. 

What is claimed is: 

1. An electronic system comprising: 

a first processing unit having a first power supply; 

a sensing unit responsive to a condition in said first 
processing unit and operative to generate a signal if 
said condition reaches a selected level; said sensing 
unit including a voltage stabilizing device; 

said first processing unit responsive to said signal to 
switch from an operating mode to a standby mode and 
to shut off said first power supply; 

a second processing unit having an auxiliary power sup- 
ply; 

said second processing unit being responsive to values in 
said first processing unit including said sensing unit, 
and being coupled to communicate information in 
response to said values; 

said sensing unit being supplied from said first power 
supply via a first blocking device when in said oper- 
ating mode and being supplied from said auxiliary 
power supply via a second blocking device when in 
said standby mode. 

2. A system according to claim 1 wherein said condition 
is temperature and said sensing unit is thermally responsive. 

3. A system according to claim 1 wherein said second 
processing unit is connected to a communication path to 
send messages to and receive messages from a system 
administrator unit about said values. 

4. A system according to claim 1 wherein said sensing unit 
includes: 

a thermally-responsive device; 

a detector connected to said thermally-responsive device 
to generate a signal when the thermally-responsive 
device indicates a selected condition; 

said first voltage supply being connected to said 
thermally-responsive device via said first blocking 
device when said system is said operating mode; 
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said auxiliary vollage supply being connected to said 
thennally-responsive device via said second blocking 
device when said system is in said standby mode; 

said voltage stabilizing device being a constant-voltage 
reference connected across said thermally-responsive 
device. 

5. A system according to claim 4 wherein said detector 
includes an opamp and an analog-to-digital converter; and 
wherein said signal is by an interrupt to said processing unit. 

6. A computer system comprising: 
a main processing unit; 

a main power supply for said main processing unit; 

a thermal sensing unit responsive to temperature in said 
main processing unit and operative to generate a signal 
if said temperature reaches a selected level; 

said main processing unit responsive to said signal to 
switch from an operating mode to a standby mode by 
an orderly shutdown of said main processing unit and 
to shut off said main power supply; 

an auxiliary processing unit; 

an auxiliary power supply for said auxiliary processing 
unit; 

said auxiliary processing unit being responsive to condi- 
tions in said main processing unit including said ther- 
mal sensing unit, and being connected to a communi- 
cation path to send messages to and receive messages 
from a system administrator unit about said conditions; 

said thermal sensing unit being supplied from said main 
power supply via a first isolating device when in said 
operating mode and being supplied from said auxiliary 
power supply via a second isolating device when in 
said standby mode. 

7. A computer system according to claim 6 wherein said 
thermal sensing unit includes: 

a thermally-responsive device; 

a detector connected to said thermally-responsive device 
to generate a signal when the device indicates a 
selected condition; 
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said first vollage supply connected to said device via a 
first blocking diode when said system is said operating 
mode; 

said second voltage supply connected to said therm ally- 
5 responsive device via a second blocking diode when 
said system is in said standby mode; 
a constant-voltage reference connected across said device. 

8. A computer system according to claim 7 wherein said 
detector includes an opamp and an analog-to-digital con- 
verier, and wherein said signal is by an interrupt to said 
processing unit. 

9. A method of operating a computer system of the type 
having a main processing unit with a main power supply and 
an auxiliary processing unit with an auxiliary power supply; 
comprising the steps of: 

sensing temperature in said main processing unit and 
generating a signal if said temperature reaches a 
selected level; 

switching said main processing unit, responsive to said 
signal, from an operating mode to a standby mode by 
an orderly shutdown of said main processing unit and 
shutting off said main power supply; 

detecting conditions in said main processing unit by said 
auxiliary processing unit, and said auxiliary processing 
unit sending messages to and receiving messages from 
^5 a system administrator unit about said conditions; 

and stabilizing said sensing of temperature via a first 
voltage stabilizer supplied from said main power sup- 
ply when in said operating mode and via a second 
voltage stabilizer supplied from said auxiliary power 
'0 supply when in said standby mode. 

10. A method according to claim 9 wherein said first 
voltage stabilizer includes clamping the voltage across a 
thermally-responsive device and applying a voltage thereto 
via a first isolating device. 

11. A method according to claim 10 wherein said second 
voltage stabilizer includes clamping the voltage across said 
thermally-responsive device and applying a voltage thereto 
via a second isolating device. 

* >t> >t> >i< * 
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